Muscle weakness is prevalent in critically ill patients and can have a dramatic effect on short-and long-term outcomes, yet there are currently no interventions with proven efficacy in preventing or treating this complication. In a new randomized trial, researchers found that serial electrical muscle stimulation significantly mitigated ultrasound-defined muscle atrophy, and the treatment was not linked to adverse effects. Although preliminary, these results, together with other recent studies, indicate a paradigm shift to a proactive approach in managing neuromuscular complications in the ICU.
In a recent issue of Critical Care, Gerovasili and colleagues [1] present results of a randomized controlled trial of electrical muscle stimulation (EMS) to reduce muscle wasting in critically ill patients. Muscle weakness is a frequent and serious manifestation of critical illness, independently linked to a higher risk of death during hospitalization [2] . Patients with ICU-acquired weakness (ICUAW) remain longer on mechanical ventilation, and their hospital stay is protracted and costly [3] . Persisting muscle weakness is a leading complaint in survivors of critical illness [4] , and electrophysiological studies document evidence of polyneuropathy and/or myopathy that can endure months to years after the acute illness [5] . Although the burden of these outcomes is increasingly appreciated, little progress has been made in identifying and validating treatment options for ICUAW, a situation that has contributed to a sense of therapeutic nihilism among clinicians. New clinical trials are challenging this perception.
The management of ICUAW has traditionally emphasized efforts to minimize or avoid exposure to postulated systemic risk factors such as neuromuscular blockers and glucocorticoids (although it has never been demonstrated that a strategy of deliberately withholding these agents is beneficial). There is also substantial evidence of a link between ICUAW and stress hyperglycemia. In a systematic review, hyperglycemia or poor glycemic control was associated with ICUAW in five of six studies [6] . Two large randomized trials of intensive insulin therapy in the ICU found that electrophysiological abnormalities suggestive of polyneuropathy were less common in patients receiving tight glycemic control [7] . Another key development has been a growing appreciation of the benefits of early mobility in critically ill patients. Bed rest and immobilization, when prolonged beyond a few hours, are known to alter fundamental aspects of muscle biology, structure, and function. In preclinical models, mechanical unloading of muscles results in oxidative stress, imbalances in protein synthesis/degradation, and cell death [8] , pathological responses that may be compounded by systemic inflammation, infection, hypercortisolemia, and malnutrition [9] . In healthy volunteers and in critically ill patients, bed rest is associated with a rapid loss of muscle mass and strength. The implementation of methods to counter the effects of bed rest and immobility represents an important new therapeutic paradigm. Novel approaches that have been evaluated in critically ill patients include scheduled sedation or coupled sedation interruption and spontaneous breathing trials [10] , EMS [1] , bedside exercises such as cycling [11] , and early mobilization and ambulation [12] .
EMS, in which electrical current is applied transdermally to induce muscle contraction, has been used to maintain or increase muscle performance and measures of functional status in patients with chronic obstructive pulmonary disease or congestive heart failure who have limited exercise capacity [13] . Earlier studies in critically ill patients suggested that treatment with EMS reduced excretion of amino acids associated with muscle catabolism [14] . Gerovasili and colleagues applied EMS daily to bilateral quadriceps and peroneus longus muscles during a 7-day period, and muscle mass was estimated ultrasonographically by quadriceps crosssectional diameter. Quadriceps cross-sectional diameter decreased significantly less in patients treated with EMS than in controls, suggesting that EMS mitigated the loss of muscle mass associated with immobility and critical illness.
Commentary

Weakness in the ICU: a call to action
We must appreciate that this is pilot work with methodological limitations. The study was not blinded, lacked a sham control group, included patients with neurologic disease (with more in the control group), and importantly did not include any clinical or electrophysiological assessment of muscle function to correlate with the ultrasound assessments. Seymour and colleagues [15] have found a good correlation between quadriceps cross-sectional area and strength, but this needs to be validated in critically ill patients. It is also notable that 12 patients were excluded because of tissue edema impeding ultrasound analysis; the exclusion of these patients is problematic, since tissue edema may be a marker for conditions (for example, sepsis, inadequate nutrition) that can confound the preservation of muscle mass. Finally (and curiously), the treatment effect of EMS was noted to be significant only on one side. Notwithstanding, the technique is reported to be safe, and the results are sufficiently interesting to warrant more clinical trials evaluating the effects of EMS in ICU patients, particularly in those who are unable to participate in early mobilization because of concurrent encephalopathy, sedation, or musculoskeletal injury. These studies will need to assess a range of questions, including: what is the clinical effect of EMS -namely, is the preservation in muscle mass corroborated by beneficial effects on muscle strength, needle electromyography, and on functional status? Which patients are most likely to tolerate and benefit from EMS? Will stimulation of muscle be helpful in patients with, or at risk for, isolated or predominant critical illness polyneuropathy? Which muscles should be stimulated? What should be the interval between EMS sessions and the duration of EMS therapy? What should be the magnitude of stimulation (in previous studies of EMS, treatment effects did not correlate closely with the intensity of stimulation)?
In summary, there is little doubt that ICUAW is a grave complication, but new data indicate that its severity can be reduced through the timely implementation of selected rehabilitative measures. If the benefits of EMS -or of other forms of muscle stimulation, such as magnetic stimulation -is confirmed, this technique will become an important complement to current strategies for early physical therapy and mobilization in the ICU.
